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A model  of a two-phase  s t r eam is developed which allows one to calculate the basic  hydraul ic  
and continuity charac te r i s t i c s  of the s t r eam as well as the mode of flow on the bas is  of the 
allowance for the unsteadiness of the motion of the separate  phases.  

The existing analytical models  of the flow of a two-phase  s t ream do not take into account one of its 
most  important  p roper t i e s  - the unsteadiness of the motion of the separate  phases  [1-13]. 

This unsteadiness is manifes ted in the appearance of pulsations,  stable and very  substantial in size, in 
the p r e s s u r e ,  fr ict ional  shear  s t r e s s  at the channel walls, and density of the two-phase  s t ream [14-21]. 

The one-dimensional ,  adiabatic, stabilized flow of a two-phase  s t r eam through channels of constant 
c ross  section or  local res i s tances  is  under discussion. The motion of the two-phase mixture  is assumed to 
be p r e s s u r i z e d  and high-veloci ty  but subsonic. The compress ib i l i ty  of the medium is not taken into account, 
which is  valid when A P / P  << 1. 

The real  two-phase  s t r eam is replaced by a quasihomogeneous s t ream but with t ime-va ry ing  velocity 
Wmi and density Pmi of the mixture,  which are  determined by the express ions  

wrn i (x) -- Gmi(~) = w 0 (~) [1 -k x(~) 70], (1) 
FgPm ~ (-c) 

p .(~) = 01 [1 --~(~)1 + 02~(~). (2) 
m l  

Another bas ic  assumption consists  in the possibi l i ty of calculating the instantaneous values of AP in 
local res i s tances  o r  of ( -  0P/Oz) in channels of constant c ross  section using the well-known quadratic equa- 
tions of the following type: 

AP = ~ Pmi('g) w~ni('~) , (3) 
2 

O P  Pmi(T) Wrni( ) (4) 
Oz = ~ 2 d  

Since we a re  considering high-veloci ty flow, it is  assumed that the hydraulic res i s tance  coefficients 
and ~ are  constants which do not depend on the s t r eam velocity Wmi or  the t ime ~. Since 

Wo Gmi G2 Pl - -  P2 
- -  - -  " x = - - ;  7 o = ~ ;  G m i = G 1 + G ~ ,  (5) 

g p x F  ' Gmi P2 
Eq. (3) takes the form 

a p  (-c) ; [c~ (,~) + (1 + vo) 6~ (,~) + (2 + Vo) G~ (.~) G. (.~)1. 
2 g ~ p l F  ~ 

Henceforth the averaging of any basic  t ime -va ry ing  charac te r i s t i c  of the two-phase s t r eam (x, q~, p, 
P m i ,  AP,  w i) will be pe r fo rmed  as follows: 

(6) 
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T ly x-= r z (~) d(~). (7) 
0 

For  the per iod ic  flmctions T is  the osci l la t ion per iod  of  the var iable  quantity. 

The  application of the  averaging ru le  (7) to Eq. (6) gives the following resul t :  

--2 AF= ~ - [(~) + (1 + Vo) (~) + (2 + vo) (~,a,)I. 
2g~piF s 

(s) 

In accordance  with the steady homogeneous model  [3, 10] of a two-phase  s t r eam the calculated p r e s s u r e  
losses  are  de te rmined  by the following equatiom 

(C~), (1 + ~vo), (9) 
h/~o m = 2g,pzF~ 

where  the  weight f low-ra te  vapor  content is  calculated f rom the s tandard dependence 

~f=  ~ Gmi (10) 

On the bas i s  of Eqs. (9) and (10) we obtain 

APhom= ~ [(~)2 + (1 + y~ (~,)2 + (2 + ?0) Gx G,]. (11) 
2g2ptF ~ 

Equations (8) and (11) make it  poss ib le  to obtain an express ion  for  the rat io  of the p r e s s u r e  drop in an 
unsteady two-phase  s t r eam to that calculated f rom a steady homogeneous model  for  local r e s i s t ances :  

= ~ _  G ~ + ( l + V o ) ~ + ( 2 + V 0 ) ( G l ~ d _  _ . (12) 
aPho m (Gd* + (1 + v0) (3~), + (2 + Vo) O~ G, 

We obtain exact ly  the  same express ion  for  the coefficient  �9 in an analysis  of Eq. (4) for  the unsteady 
motion of a two-phase  s t r eam in a straight  channel of  constant c ross  section. 

By definition, the d imensionless  coefficient  �9 fully coincides with the so-ca l led  coefficient of inhomo- 
geneity of a two-phase  s t r e am [9, 10]. 

In the case  of the  absence of pulsat ions of the phase  flow ra tes  with t ime,  when (Gi)  2 = -G~ and G1G2 = 
GIC~, the coefficient  ~I, equals 1.0 according to (12). 

In all o ther  cases  the quantity �9 can be e i ther  l a r g e r  o r  sm a l l e r  than ,I~ = 1.0 depending on the na ture  
of the pulsat ions of the phase  flow ra tes  with t ime.  

With one-dimensionai  flow of a mix tu re  in a local  r e s i s t ance  the ins tan taneous  value of the power  is  de-  
t e rmine d  by the  express ion  

N('r = Ap('~) Wmi('~ ) F ~ ~ai('0 [1 +x('0-'t0]' (13a) 
2g*01F ~ 

Similar ly,  for  the power  of a two-phase  s t r e am  in a channel of constant c ros s  section, taken p e r  unit 
length of the channel, we have 

( a P )  ~ ~i ( l+x. to)s"  (13) c~Noz = - - - ~ g  Wm'rF= 2g~ptF~d 

On the bas i s  of Eqs. (7), (13a), and (13) we have for  the t i m e - a v e r a g e d  powers  of  an unsteady s t r eam 

-~ ~ G3mi(1 + x~o) ~, (14) 
2~F~pz 
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0~ ~ c~i (I + x~0)'. (15) 
Oz = 2gaF~pld 

The  cor respond ing  power s  of  a steady,  homogeneous ,  two-phase  s t r e a m  have the fo rm 

(~ i )  ~ (i + ~ o )  ~, (16) Nhom = 2g3F~pl 

ONh~ = ~ (Gmi) 3 (1+ x-~v,) ~. (17) 
Oz 2g3F~pld 

Dividing Eq. (14) by Eq. (16) o r  (15) by (17), we obtain the  following expres s ion  for  the rat io  of the 
power s  of  uns teady and steady,  homogeneous ,  two-phase  s t r e a m s :  

Z = C~i(1 + x?~ -- �9 (18) 

(Gmi)a (I + X-p?o) 2 

With al lowance fo r  Eqs. (5) and (10) the exp re s s ion  (18) takes  the following fo rm:  

E = G~ + (1 +?o) a C a 2 2 + (3 + 2v0) O~O, + (1 + Vo) (3 + Vo) 6~02 (19) 
(~x)a + (1 + ?o)' (~)3 + (3 + 270) (G~) ~ G, + (1 + 7o) (3 + %) G~ (Go.) ~ 

Depending on the c h a r a c t e r  of the pulsa t ions  in the  flow r a t e s  G i of the phase s  with t ime  the coefficient 
E, l ike g~, can be  l a r g e r  than, l e s s  than, o r  equal to unity (the l a t t e r  occu r s  when G i = const) .  If  the coef-  
f icient �9 c h a r a c t e r i z e s  the degree  of inhomogenei ty  of an unsteady two-phase  s t r e a m  f rom the point of view 
of p r e s s u r e  l o s s e s  in the s t r e a m ,  then the coefficient  E i s  the analogous energe t i c  cha r ac t e r i s t i c  of an un- 
s teady two-phase  s t r eam.  

The  c h a r a c t e r  of  the t ime  var ia t ion  in the flow r a t e s  G i of  the phases  is  not known a p r io r i .  At p r e sen t  
it does not s e e m  poss ib le  to es tab l i sh  it d i rec t ly  by exper imen ta l  means .  

In th is  connection two types  of pe r iod ic  osc i l la t ions  of the phase  flow r a t e s  with t ime  are  analyzed b e -  
low: the type of r ec t angu la r  pu l ses  ( sharp ly  e x p r e s s e d  pulsa t ions  in the phase  flow rates)  and sinusoidal  os -  
c i l la t ions (smoothed ha rmonic  var ia t ions  in the phase  flow r a t e s  with t ime).  

The  m a t h e m a t i c a l  notation for  the f i r s t  type of osc i l la t ions  have the following fo rm:  

for 0 < �9 < ~ G~ = G~ = const~; G2 = G2~ = c~ ~1 

Gmi = Grnil= Gxl + G21 = const3, I 
t (20) for ~1 < ~ < ( ~ +  %) Gt = G~ = const d G~= G:~= const v i 

Gmi= Grni= G~G~ = const v J 

The  pulse  ampl i tudes  Gij and t he i r  durat ion ~-i, jus t  l ike the total  osc i l la t ion per iod  T = ~-t + r2, a r e  
comple te ly  a r b i t r a r y .  

The ins tantaneous  values  of the weight vapo r  content x i accordingly also va ry  abrupt ly with t ime :  

for 0<~< '~l  x l=  
On + G~ (21) 

G2~ for % ~ T  x~-- . 

The  ma thema t i ca l  notation for  the ha rmonic  type of osc i l la t ions  in the phase  flow r a t e s  with a r b i t r a r y  
ampli tudes ,  f requenc ies ,  and phase  shif ts  in t ime  have the f o r m  

It i s  obvious that  

G1 = G1o [ I + n sin (oh~ + )~1)1, [ 
G~ = Go.0 [1 + rosin (m G + ~.)]. f 

(22) 

c,1 = a.0. ~2 = a20 a.d Zf-- ~0 (23) 
61o + 6~0 

To d e t e r m i n e  the  concre te  values  of  the dynamic and ave rage  hydraul ic  c h a r a c t e r i s t i c s  of  the unsteady 
two-phase  s t r e a m  under  cons idera t ion  one a s s u m e s  that  t h e r e  i s  a min imum in the energy  lo s ses  in th is  
s t r eam.  The  p r inc ip le  of a kinet ic  energy  m i n i m u m  or  a m in imum in the  ent ropy r i s e  in a s teady two-phase  
s t r e a m  has  been  used  success fu l ly  by a n u m b e r  of  authors  [22-24] in the theore t i ca l  ana lys is  of  the c r i t i ca l  
d i scharge  of a two-phase  m i x t u r e  through nozzles  and pipes .  
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F r o m  t h e  m a t h e m a t i c a l  poin t  o f  v iew the  app l i ca t ion  of  the  p r i n c i p l e  of  a m i n i m u m  in e n e r g y  l o s s e s  t o  
t he  uns t eady  flow of  a t w o - p h a s e  s t r e a m  c o m e s  down to a s e a r c h  f o r  the  m i n i m u m  va lue  of  t he  e n e r g e t i c  
p a r a m e t e r  E of  (19) f o r  f ixed  v a l u e s  of  T0, G1, and G 2 ( o r  T0 and ~ f )  wi th  a l lowance  f o r  the  c o n c r e t e  f o r m  
of  the  o s c i l l a t i o n s  in  t h e  p h a s e  flow r a t e s  d e t e r m i n e d  b y  Eqs.  (20) o r  (22). As  a r e s u l t  of  the  m i n i m i z a t i o n  of 
t he  p o w e r  E o f  a t w o - p h a s e  s t r e a m  hav ing  o s c i l l a t i o n s  in the  p h a s e  flow r a t e s  of  the  r e c t a n g u l a r  pu l s e  t ype  
(20) in  t he  r e g i o n s  of  v a r i a t i o n  0 _< ~ f  __ 1.0 and 0 < T0 < + co , one ob ta ins  the  fol lowing:  

_fo r 0 < ' r  < X  x X x = 0 (flow of gas or vapor), 

for: x x < x < ('r x + x~) x 2 = 1,0 (flow of liquid), (24) 

x a_~ = (1 + Vo) 2/3 ~ 

In th i s  c a s e  the  e x p r e s s i o n  (12) f o r  t he  coef f i c ien t  o f  i n h o m o g e n e i t y  �9 t a k e s  the  f o r m  

.ti t -.~ {1 + xf [(1 + %'0) ~ / 3 -  1]} {1 -q- ~f [(I -}-?o)'/a--: I]}: (25) 

: 1 + ?oXf 
C o r r e s p o n d i n g l y ,  t h e  fo l lowing  r e s u l t s  a r e  ob t a ined  fo r  the  h a r m o n i c  law (22): 

inr~gion. O<xf<l.O coI=r162 , ~ - - ~ , ~ = # ,  

- V 3  (%'0 + 1) (%'0 + 3) - -  3 
:~n regtonI 0 ~ Xf ~ Xbo 1--- %'0 (%'0 + 4) ' 

m = 1,0; n = ~f [3 + 2%'oXf +'%'o (2 + %'o~f)] 
(1 - -  xf ) (3 + 2%'oxf) ' 

W W I = 1 - -  (Xfyo)'(2-+-_ Y o ~ ) ;  
2 (3-~ 2Xf?o)  2 

. in_region II Xbol-~ Xf -~_ Xbo z 

(1 + %'0) V 3 (3 + 2%'0) - -  (3-,-{- 2Yo) 
= %'0 (4 + 3%'0) ' 

1 
m = 1,0; n =  1.0, W = W H =  + 

2 

_~ (I - -xf )*  + (1 + %'o) x~ . 
) 

I + %'0xf 

in region Ill Xbo2~ xf ~ 1,0, 

(1 - -  xf) [3 -+- 2YoX f q-- %'0 (2 -q- %'~f)] n =  1.0, m =  
xf (1 -k- %'0) (3 "k- 2%'oxf + %'0) 

~o" = ~u ~---1 -- (1 --~f)* %'~ [2 + %'o(! + xf)] 
2(I  +%'0) [3+%'0 (1 + 2xf)] ~ 

(26)  

I f  one  a s s u m e s  t ha t  the  i n s t a n t a n e o u s  v a l u e s  o f  the  t r u e  v o l u m e t r i c  gas  and v a p o r  con ten t s  co inc ide  
wi th  the  c o r r e s p o n d i n g  i n s t a n t a n e o u s  v a l u e s  of  the  v o l u m e t r i c  f l o w - r a t e  g a s  and v a p o r  con ten t s  o f  the  s t r e a m ,  
i . e . ,  t ha t  (p(~) = f l(~) ,  t h e n  the  t i m e  a v e r a g e  of  the  t r u e  v o l u m e t r i c  g a s  o r  v a p o r  cor~ent  o f  an uns t eady  t w o -  
p h a s e  s t r e a m  i s  d e t e r m i n e d  b y  the  fo l lowing e x p r e s s i o n :  

T 

q~=~-~  1 {'~(x) dx, (27) 
T j 

0 

w h e r e ,  in  a c c o r d a n c e  wi th  t he  s t a n d a r d  def in i t ion,  
[3 (~) - V~ (~) 

V~ (~) + V~ (~) 
02 (z) 

G2(x) + (1. q- yo) -1 G I (x) 
(28)  

T h e  e x p r e s s i o n s  (27) and (28), wi th  a l lowance  f o r  t h e  r e s u l t s  (24)-(26_) ob ta ined  above  on the  m i n i m i z a t i o n  of  
the  p o w e r  o f  the  s t r e a m  and the  w e l l - k n o w n  r e l a t i o n s h i p  o f  ~ f  wi th  flf  

.~ _- f f f ,  (2s) 
1 §  ( t -  ~f) 
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Fig. 1. Dependence ,I, = ~I,(Kf, P) fo r  i r r e v e r s i b l e  p r e s s u r e  l o s s e s  in local  r e -  
s i s t ances  fo r  a s t e a m - w a t e r  s t r e a m :  a) J a n s s e n ' s  expe r imen t s  [14] with short  
i n s e r t s  in a r ec t angu la r  channel, ~ = 70 b a r s ,  ~ c u  = (1.14-9.15) m / s e c ;  b) ex-  
p e r i m e n t s  [30] for  the  en t rance  to a pipe f rom a col lector ,  P = 60 b a r s ,  W'cu = 
(O.25-1.5) m / s e c ;  c) expe r imen t s  [30] for  en t rance  to a pipe f rom a col lector ,  
P = 180 b a r s ,  ~ 'cu = (0.25-1.5) m / s e c ;  1, 2) calculat ion by Eq. (25) for  P = 65 
and 180 b a r s .  ~f ,  %. 

Fig. 2. Dependence "~ = "~(flf) in a na r row w a s h e r  c ro s s  sect ions:  1) ca lcu la -  
t ion by s teady homogeneous model  ~ =fir;  2) by A r m a n d ' s  [4, 5] equation ~ = 
0.833fif; 3) ca lcula t ien  by Eq. (30) for  70 = 800; 4), 5) expe r imen ta l  data of 
p r e s en t  work  fo r  subcr i t ica l  and c r i t i ca l  flow, respec t ive ly ,  of an a i r - w a t e r  
s t r e a m  in a cyl indr ica l  w a s h e r  of 40 m m  inside d iamete r ,  78 m m  outside 
d iamete r ,  and 12 m m  thick with P = {0.6-1.5) ba r s .  

made  it poss ib l e  to obtain the following exp re s s ions  for  ~ in the case  of the laws (20) and (22) for  the r e -  
spec t ive  t ime  va r i a t ions  in phase  flow ra t e s :  

= ~f  (30} 
~f + (i + %)u3 (1--~f)  ' 

7 o [ 1 + % +  V3(% § i)(%+3)I ' 

Yo 3 (1 § %) j ' 

2% , I (31) 

in region Ill ~bo2~. ~f ~ 1.0, 

[ JI/ I ~ = ~ m  = 1 - -  (Vo + 3) _ ~ f  1 +  --2- ~'0 (1 - - g f )  - - I  
Yo " 

The  theo re t i ca l  calculat ion conducted fully p r e d e t e r m i n e s  the concre te  phys ica l  pa t t e rn  of flow of an 
unsteady t w o - p h a s e  s t r eam.  

In the  ease  of the discontinuous change (20) in the phase  flow r a t e s  w~th t i m e  a slug mode  of  flow of the 
two-phase  m i x t u r e  o c c u r s  in the en t i re  range  of  vapo r  contents 0 < ~ f  < 1.0 with the succes s ive  a l ternat ion 
of liquid plugs  and vapor  slugs,  s ince xl = 0 and x2 ~ 1.0. 

The  durat ion of the exis tence  of the vapor  s lugs and liquid plugs in the s t r e a m  c r o s s  sect ion under  con- 
s idera t ion  v a r i e s  with an i n c r e a s e  in x f, shift ing toward  an i n c r e a s e  in the f o r m e r  as ~ f  approaches  100%, 
since ~2/~1 = (1 + T0) 2/3 .[~f/(1 --~f)]  according  to (24). 

In the flow of two-phase  s t r e a m s  in p ipes  such a pa t t e rn  i s  obse rved  only in a compara t ive ly  na r row 
range  of va r i a t ion  of ~ f  when the  slug mode  of  flow occurs .  

In the  movemen~ of a two-phase  s t r e a m  through local  r e s i s t a n c e s  of  the type of thin th ro t t le  w a s h e r s ,  
sudden na r rowings ,  o r  tu rns  of the channel the uns teady p r o c e s s  desc r ibed  above evidently can occu r  in a l -  
m o s t  the en t i r e  reg ion  of va r i a t ion  of ~f .  In fac t ,  in th is  case  s tagnant  vor t ex  zones  of ve ry  cons iderab le  
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Fig. 3. Modes of flow of a t w o - p h a s e  s t r e a m  in a pipe  with a h a r -  
monic  law of osc i l la t ions  of  the  phase  flow r a t e s  in the s t r e a m :  
BF,  SF, DAD bubble,  slug, and d i s p e r s e - a n n u l a r  modes  of flow; 
1) ampli tude m;  2) ampli tude n; 3) B F - S F b o u n d a r y  according 
to B a k e r  [29]; 4) flbol fo r  7o = 20; 5) flboz for  7o = 20; 6) S F -  
DAF boundary  according  to H a b e r s t r o h  and Griff i th [14] ; a, b, c, 
d} BF,  SF, emuls ion  flow and DAF according  to expe r imen t s  of  
B e r g l e s  and Hsieu [14] in a pipe  with P = 70 ba r s .  F rmi  = 

VV2miTgd. 

s ize  f o r m  ahead of the  w a s h e r  o r  local  na r rowing  or  in the region of the  ou te r  radius  of a tu rn  in the channel. 
Because  of the  high ine r t i a  of  the  liquid and i ts  p redominen t  movemen t  along the channel wal ls  cons iderable  
m a s s e s  of  l iquid can concen t ra te  in t he se  zones  for  any vapor  contents of the two-phase  s t r eam.  Per iod ic  
su rges  of  cons iderab le  amounts  of liquid into the  ma in  co re  of  the s t r e am,  which a re  capable  of  comple te ly  
cover ing  the  na r ro w  c r o s s  sect ion of the local  r e s i s t a n c e  for  a shor t  t ime ,  a re  poss ib le  under  the effect  of 
the  gas  s t r e am.  Moreove r ,  at the t i m e s  of  accumula t ion  of liquid in the stagnant zone the  l ighter  and m o r e  
mobi le  gaseous  phase  p redominan t ly  moves  through the na r row c r o s s  section. 

In connection with th is ,  the t heo re t i c a l  r e su l t s  (25) and (30) for  �9 and ~ ,  obtained for  osci l la t ions  of the 
r ec t angu la r  pu l se  type  (20) in the  flow r a t e s  of the p h a s e s  in the  s t r e a m ,  a re  compa red  in Figs. 1 and 2 with 
expe r imen ta l  data  fo r  the movemen t  of  two-phase  s t r e a m s  through local  r e s i s t a n c e s  of  the type indicated 

a b o v e .  

The  sinusoidal  osc i l l a t ions  G1 and G2 of (22) c o r r e s p o n d  to a different  s t r u c t u r e  and dynamics  of the  
development  of  a t w o - p h a s e  s t r e a m  with an i n c r e a s e  in ~f .  Th i s  conclusion follows f r o m  an analys is  of  Eq. 
(26) for  the r e l a t ive  ampl i tudes  n and m of the osc i l la t ions  of  the  phase  flow r a t e s  in different reg ions  of 
va r i a t ion  in the  vapo r  content ~f .  

The  c h a r a c t e r  of  the  va r i a t ion  in n and m with an i n c r e a s e  in ~ f  f rom 0 to 1.0 is  p r e s e n t e d  in Fig. 3. 

Let us analyze in m o r e  detail ,  for  example ,  region I of low vapor  contents  0 < ~ f  < Xbo l, ~vhere the  
average  liquid flow r a t e  GI = G10 is  p redominan t ly  much  higher  than  the ave rage  vapor  (gas) flow ra te  
G~ = G~0. The  r e l a t ive  ampl i tudes  n of the osc i l la t ions  in the liquid flow ra te  in th is  region a r e  slight, 
w h e r e a s  the  r e l a t i ve  ampl i tudes  m of  the osc i l l a t ions  in the  vapor  flow r a t e  a r e  max ima l ,  s ince m = 1.0 in 
the  en t i re  region of va r i a t ion  0 < ~ f  < ~bol" 

Per iod ica l ly ,  when sin ~ = 1.0, a fixed c r o s s  sect ion of the s t r e a m  is  fu l ly  covered  o v e r  by liquid 
without vapor  (gas) inclus ions  (G~ = 0). At the  o ther  t i m e s  G1 > 0 and G~ > 0 i n t h i s  s t r e a m  c r o s s  section,  
i .e . ,  v apo r  and liquid a r e  p r e s e n t  at the  s a m e  t ime.  Such a p r o c e s s  occu r s  when i so la ted  vapo r  (o r  gas) 
bubbles  a r e  p r e s e n t  in a continuous liquid s t r e a m ,  i .e . ,  with a bubble mode  of flow of a two-phase  s t r e a m  in 

p ipes  and channels.  

A s i m i l a r  ana lys i s  l eads  to the conclusion tha t  in region II ~bol  -< ~ f  <- Xbo2 t h e r e  i s  a slug mode  of 
flow of a t w o - p h a s e  stream,+ while  in region HI ~bo2 < ~ f  -< 1.0 t he r e  i s  a d i s p e r s e - a n n u l a r  wave  mode  of flow 
with e m e r g e n c e  into p u r e  vapor .  

The  r e p l a c e m e n t  of the bubble mode  of flow by the  slug mode  and of  the slug mode of flow by the  d i s -  
p e r s e - a n n u l a r  wave  mode  occu r s  at the  l imi t ing  values  ~bol  and ~bo~ of the f l ow- ra t e  vapo r  content. 

Th i s  sequence of change of the  s t r u c t u r e  of the two-phase  s t r e a m  under  cons idera t ion  with an i n c r e a s e  
in the vapor  content E f  is  p r e s e n t e d  on the  lef t  side of  Fig. 3 in the f o r m  of the  conventional flow pa t t e rn s  of  
th is  s t r e a m  cor respond ing  to ce r t a in  values  of  Ef. 
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Fig. 4. Dependence �9 = ~(~f)  for  horizontal  pipes ( a i r - w a t e r ) :  1, 
2) calculat ion by Eqs. (26) for  70 = 400 and 800; 3) region of ex-  
pe r imen ta l  values  for  P ~ 1 b a r  f rom data of [9] ; 4) authors '  ex- 
pe r imen t s ,  P = 2 ba r s ,  Wo = 1 m / s e c ,  l / d  = 30; lstab = 300d, 
d = 20 ram. 

Fig. 5. Dependence ~ = ~ {fir, 70) for  flow of a s t e a m - w a t e r  s t r e am  
in annular slots (1-4) [26] and pipes 5 [27]: a-d)  P = 20, 40, 70, and 
100 ba r s  o r  70 = 86, 40, 20, and 12, respect ive ly ;  dashed curve:  
calculat ion by steady homogeneous model;  solid l ine: by Eqs. (31) ; 
1-4) ~0 = 0.5, 1.0, 2.0, and 4.0 m / s e c ;  7) flbol; 6) ~bo2. 

As is  known, a s imi la r  s t ruc tu re  of a two-phase  s t r eam with the corresponding replacement  of the 
modes  occurs  in the p r e s s u r i z e d  flow of two-phase  s t r eams  in s t ra ight  pipes and channels of constant c ross  
sect ion [11, 14, 25]. 

In connection with this  the theore t ica l  r e su l t s  (26) and (31) for  ~I,, ~ ,  and the boundaries  flbol of the 
modes  of flow (31), obtained in an analysis  of sinusoidal osci l lat ions of the phase flow ra tes  with t ime,  are  
compared  in Figs. 3-5 with exper imenta l  hydraul ic  cha rac t e r i s t i c s  m easu red  in the flow of two-phase 
s t r e a m s  in channels and pipes. 

The  resu l t s  of these  compar isons  must  be taken as posi t ive ,  not only in a qualitative; but also in a 
quantitative, respec t .  

In summing up, one must conclude that the proposed  unsteady model of a two-phase mixture  quite sa t i s -  
fac tor i ly  desc r ibes  the basic  hydraul ic  cha rac t e r i s t i c s  of a rea l ,  high-veloci ty,  incompress ib le ,  stabilized, 
adiabatic,  two-phase  s t ream.  
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